Bundled gap filling exercises (Wojatzki et al., 2016) were recently introduced as a promising new exercise type to complement or even replace single gap-fill tasks. However, it is not yet confirmed that the applied creation method works properly and it is still to be investigated if bundled gap-fill tests are a suitable method for assessing language proficiency. In this paper, we address both issues by varying the construction methods and by conducting a user study with 75 participants in which we also measure externally validated language proficiency. We find that the originally proposed way to construct bundles is indeed minimizing their ambiguity, but that further investigation is needed to determine which aspects of language proficiency they are actually measuring.
Introduction
Gap filling tasks, also known as cloze tests (Taylor, 1953) , are a frequently used for language learning and proficiency testing. The test taker is asked to restore a word that has been omitted from a text or sentence. However, people involved in designing and scoring gap-fill tests are frequently confronted with two major problems: ambiguity and lack of automatability. Ambiguity means that in traditional gap-fill tests frequently more than one word can be used for a gap (Chavez-Oller et al., 1985) . For example, the gap in The kids have to their own lunch could be filled with make, bring, prepare, or eat. However, this fact is often not taken into consideration when it comes to scoring and only one solution is scored as correct. This can lead to high error rates, even with native speakers (Klein-Braley and Raatz, 1982) . Alternatively, there are approaches which allow a set of acceptable solutions, which can improve the validity of gap-fill tests in terms of higher correlations to other tests that measure language proficiency (Brown, 1980) . However, this comes at the cost of a higher manual workload and higher subjectivity. An extension of this idea is to weigh the words according to their occurrence in the solutions of participants (Darnell, 1968) . However, it could be shown that this scoring procedure has a negative impact on the validity (Brown, 1980) . A way to address these problems is the use of multiple answers, usually the correct solution along with three distractors. The distractors can, however, heavily influence the difficulty of the task. Additionally, using distractors changes the nature of the task from producing a solution to recognizing a solution (Wesche and Paribakht, 1994) . Wojatzki et al. (2016) have recently introduced bundled gap filling as an alternative form of gapfilling exercises with a set of gaps in several different sentences, all hiding the same single word. In such an exercise, the learner is confronted with all of the gaps in a bundle at the same time and asked to find the single word to restore all of them correctly. Figure 1 shows examples for all three types of exercises. Wojatzki et al. (2016) showed that the generated bundles decrease ambiguity, but it is still unclear whether the ambiguity reduction was due to their selection procedure or whether any selection of bundled sentences would achieve the same result. Another issue is that in the user study by Wojatzki et al. (2016) all participants had a very high language proficiency level which leaves the question how well bundles work for less proficient learners.
To further investigate these issues, we conducted a user study aimed at comparing the effectiveness of different strategies for computing bundles. In addition, we investigated the relationship between the proficiency level of the test takers and ability to correctly solve bundled gaps. We find that the bundle creation algorithm used by Wojatzki et al. (2016) is disambiguating bundles with a much higher accuracy compared to selecting sentences by chance, while under both conditions the difference to maximally ambiguous bundles is quite high. We also find that the ability to solve bundled gap-fill tasks is indeed substantially correlated (r = .48) with the language proficiency of the test takers as measured by cTest scores (Klein-Braley and Raatz, 1982) . However, the far from perfect correlation implies that further investigation is needed in order to clarify which aspects of language proficiency is measured by bundled gap-fill tests.
Bundled Gap-Fill Exercises
In this section, we describe the principle behind bundled gap-fill exercises in order to locate the part of the algorithm that we wish to further validate.
The construction starts with selecting a target word with the surrounding context, i.e. usually a sentence. Depending on the type of exercise or test to be generated the sentence can be taken from a reading assignment, can be provided by a teacher, or can also be a random sentence containing the target word. The algorithm then iteratively adds more sentences to the bundle that contain the same target word. In each iteration the one sentence is selected that maximizes the probability of the target as gap filler for the whole bundle. For the purpose of validating this selection, we propose to select sentences at random and sentences that minimize the probability as competing strategies. We closely replicate the setup by Wojatzki et al. (2016) in our study in order to maximize comparability with their results.
Probability of Gap Fillers
We compute the probability of a word fitting the gap using an n-gram language model trained over the two billion word ukWaC English Web Corpus (Baroni et al., 2009 ). We utilize FASTSUBS (Yuret, 2012) with additive smoothing (Chen and Goodman, 1999) for efficiently computing the probabilities.
Sentence Base & Target Words
We use the GUM corpus (Zeldes, 2016) to select bundle sentences, and we also rely on the same target words as in the original study: four adjectives (new, best, full, final), four nouns (people, language, information, room), and four verbs (make, want, add, give).
Bundle Construction In order to define a target function for unambiguous bundles, Wojatzki et al. (2016) defined the disambiguation level D(b) of a gap bundle b as the log of the ratio between the probability of the target word t and the probability of the most likely word w other than t:
The greater this ratio, the more probable is the target word compared to any other word, and the gap bundle can thus be considered less ambiguous. This mechanism is exemplified in Figure 2 .
Given this setup, a bundle for a certain sentence containing the target word is constructed by finding another sentence that contains the target word and which maximizes D(b) for the whole bundle:
where G is the sentence base and G t is the set of gaps in G hiding the target word t. We call this original strategy MAXIMIZE as it maximizes the disambiguation metric D(b). Only testing this strategy might hide the fact that randomly selecting sentences with the target word are also likely to increase the disambiguation level. Therefore, we introduce a RANDOM configuration, in which we randomly select sentences. To get better insights into the range of values that the disambiguation level can fall into, we introduce another configuration called MINIMIZE where we change arg max to arg min in equation 1.
Experimental Setup
Given this setup, we can formulate the following research hypotheses:
1. RANDOM Using randomly created bundles results in more ambiguous bundles compared with the original MAXIMIZE setup.
MINIMIZE Using bundles that minimize D(b)
will lead to even more ambiguous bundles.
Additionally, we are interested in the influence of the language proficiency level of test takers on the success rate in the bundles. We assume that there will be an effect that shows that higher scores are obtained by people with greater proficiency in the English language. We hope to show that the scores in bundled gap-fill tests correlate highly with scores in other language tests, such as the cTest. We can thus formulate a third hypothesis:
3. PROFICIENCY There is a high correlation between a test taker's language proficiency and the score obtained when solving gap bundles.
User Study
To test our hypotheses, we conducted a user study. The study was taken by 118 people of which 75 fully completed the study (52 female, 1 not specified/other gender). As we have three conditions (MAXIMIZE, MINIMIZE, RANDOM, there are 25 participants per condition. The average age of the participants was 22.8 (SD = 6.9, ranging from 19 to 67 years). Most of the participants were university students currently enrolled at University of Duisburg-Essen. Additionally, the language proficiency of the participants was measured using a cTest that had to be solved after the bundles. For that purpose, we used a cTest constructed by the language teaching department of our university. Participants were shown bundles with an increasing number of sentences. They first saw one sentence with the target word to be restored, then a second, then a third, then a fourth. After each sentence, they were asked to type in the word that (best) suits the gap(s).
Since the GUM corpus is a comparatively small corpus, there are few sentences containing rare words and thus few possible combinations of these sentences. Hence, from the 12 target words used by Wojatzki et al. (2016) , we excluded room and give, as the bundles in all three experimental conditions were almost identical. Note that in future experiments, this problem could be solved by using a larger corpus from which the bundle sentences are selected.
Results & Discussion
In the following, we report and discuss the results of our study.
Bundle Construction
We first compare the different conditions for creating bundles that are tested in our study: MAXIMIZE, RANDOM, and MINIMIZE. For each condition, we measure the success rate after showing 1, 2, 3, or 4 bundle sentences. A detailed overview of the results per bundle is given in Figure 3 , while Figure 4 shows the aggregated results.
As the first sentence is the same under all three conditions, we expect the success rate to be almost the same. The achieved results are close enough to argue that the three subgroups of participants are comparable. For larger bundle sizes, we observe that MAXIMIZE works best, MINIMIZE establishes a lower-bound, and RANDOM is somewhere in between. This shows that the utilized disambiguation measure is able to lower or increase the ambiguity of a bundle (although we usually only want to lower it). How well the RANDOM strategy is going to work largely depends on the properties of the underlying sentence base. If it contains a lot of similar contexts, the success rate might be much closer to the MINI-MIZE condition.
Because MAXIMIZE is the same strategy for constructing bundles as was used by Wojatzki et al. (2016) , we can compare our results with theirs. However, in their study, all participants had a very high proficiency level while this study was open to participants with different English levels. This explains why our success rates are in general a bit lower, but with the same trend of rising success rates from 1 to 4 sentences in the bundle. In our study the average success rate increases from .10 after only seeing the first sentence to .52 after the fourth. This is a close replication of the numbers from the original study where the increase was from .27 to .78.
Statistical Significance
In order to test whether these differences are real differences and not statistical noise, we statistically test our hypotheses. We look at the overall success rates per participant after seeing all four sentences, and conduct a one-way analysis of variance (ANOVA), which indeed confirms both, the MAXIMIZE and the RANDOM hypothesis (F (2, 72) = 8.93, p < .001). The differences after seeing only one sentence are not statistically significant (p = .251). In order to determine which conditions have significantly different arithmetic means, the two a-posteriori tests Scheffé (1953) and Tukey-HSD (Tukey, 1949) were used. 1 Both tests were significant for both combinations (MAXIMIZE, MINIMIZE: Tukey-HSD and Scheffé p < .001) and (MAXIMIZE, RANDOM: Tukey-HSD p = .027, Scheffé p = .036), which further confirms both research hypotheses.
Language Proficiency
As we have measured the language proficiency of participants using a cTest, we can correlate the cTest score with the bundle score (of the MAXMIZE condition) to examine whether bundled gap-fill exercises actually measure language proficiency. Figure 5 shows the corresponding scatterplot. The resulting Pearson correlation is r = .48. This shows that bundled gap-fill exercises can be used to measure language proficiency, but that both tests seem to measure slightly different constructs. Further research is needed to find out which aspects of language proficiency are actually measured by bundled gap filling exercises, and how bundles relate to other established testing methods.
Future Work
Since bundled gap filling is a very recent paradigm, there are various possibilities to deepen the understanding and the validation of the approach. In general, we see three major strands of future research: (i) an refinement of the approach itself, (ii) determining more influencing factors, and (iii) broadening the empirical evidence. Refinement The approach for creating bundles could be improved along different lines. First, a different, larger corpus should be used which we expect to lead to even better bundles. Recall, that in the present study, we had to omit two target words which could have been avoided by using a larger corpus. Second, the probabilities of gap fillers have been estimated with a count-based language model. By nature, the used 5-gram model cannot incorporate a context bigger than four words around the gap. However, longer dependencies may indeed play a role when solving gap-fill tests (Bachman, 1982; Chihara et al., 1977) . Consequently, future research should clarify whether more advanced language models which are capable of modeling long range dependencies result in even better bundles.
Influencing Factors A number of properties were found to influence the difficulty of gap-fill tests. As bundled gap filling is based on regular gap-fill tests, in future work it should be clarified whether the identified factors also affect the bundled version. The following properties have been shown to have an effect on the difficulty of gaps: Brown (1989) shows that the position of the gap in the sentence and the readability of the passage have an influence on the difficulty of the exercise. Characteristics of the omitted word that affect the difficulty are the length of the word (Abraham and Chapelle, 1992) , whether the word is a function word or a content word (Kobayashi, 2002) , the frequency of the word in the language (Kobayashi, 2002) , and the word origin (Brown, 1989) . Consequently, in future work, the set of target words should be systematically varied with respect to the mentioned factors.
Broadening Empirical Evidence In order to strengthen the empirical evidence, future work should aim at creating larger data sets which are closer to existing language learning or testing scenarios. For example, it should be investigated how bundles relate to other state-of-the-art language proficiency tests. For this purpose, bundles need to be introduced to a broader audience and to be integrated into official testing methods. This can help to generate an extensive amount of new data that can further verify bundled gap-filling and show their usefulness in real life scenarios compared to other testing methods. Furthermore, it would be interesting to see how well results could be reproduced for languages other than English.
The presented results may be biased by the small sample size of this study. Therefore, to further investigate bundled gap-filling and its differences to the cTest, it seems necessary to increase the number of test takers.
Last but not least, bundles are also a promising tool for language learning. However, before bringing bundled gap-filling to the classroom, the underlying implementation needs to be taken from prototype to production status. We are currently working on an improved version that we plan to make publicly available.
Conclusion
In this work, we have presented an empirical evaluation of bundled gap filling (Wojatzki et al., 2016) . We confirm that the paradigm is capable of significantly reducing ambiguity in gap-fill exercises -a major problem of this popular exercise type. Moreover, we provide evidence that the originally proposed algorithm for creating bundles is well functioning. As bundled gap-fill scores only moderately correlate with the language proficiency of the participants as measured by a cTest, further research is required to determine the properties of bundles.
